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Significant shifts in technology and finance are altering the practice and position of urban design and development. 
These shifts — the torrent of micro-spatialized data, the amplification of designer instrumentality through 
computation, and the financialization of built capital into abstract securities — are forming a new relational 
infrastructure propelling the production of the built environment. Currently, coupling these shifts together remains 
the specialty of well-capitalized and sophisticated institutions, but the march of technological progress forecasts the 
widespread democratization of urban development skills and knowledge.
This thesis explores the potential outcomes from mass accessibility to urban data, design computation, and digitized 
financing. I present two patent propositions outlining design methods that culminate in a project deploying network 
effects through collectively-financed, mass-distributed developments. The project is situated in three neighborhoods 
of New York City, on three-dozen sites for one-thousand inhabitants, and the  methodology consists of three design 
computation processes. The first is a method for the automated re-massing of urban typologies using procedural 
scripting and a geometry constraint engine, in order to achieve open-space and density targets. The second is the 
automated valuation of a real estate development project using projected cash flows and construction cost estimations. 
Lastly, an optimization method matches suites of sites, project-massings, and financing arrangements; demonstrating 
the ability for the inhabitants’ spatial needs to be met within financial constraints.
Assuming that these technologies will be in widespread use evokes a vision for clusters of households to collectively 
originate, fund, and construct networks of mutually co-dependent developments. With the ability to operationalize 
a co-ownership model of distributed live-work spaces, self-organizing groups will have a dramatically expanded 
capability to influence the design and use of urban fabric – in practice, a Lefebvrian ‘right to the city’.
Mark Goulthorpe
Associate Professor of Architecture and Design, Department of Architecture
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Chapter 1: Introduction
Systems
12
Indroduction: Systems
Figure 1. A graphic depicting the community elements of a co-liv-
ing arrangments, where individuals share in joy, conversation, 
food and wine and other activities.
Source: WeLive website, 2017
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Relational Systems1.1
A nascent outcome in the marketing of real estate development has evolved 
to echo Silicon Valley trends: instead of Software as a Service, new buildings 
offer “Space as a Service”, and promise a curated lifestyle for the globally 
connected white-collar worker.  These strategies deliberately conceal the 
interwoven systems of architecture as both a socio-cultural expression, as 
well as financial asset. In the case of WeLive, the gulf between the financial 
interests of its asset holder (the $16.9bln built-environment tech company 
WeWork) and their millennial renters is camouflaged by glossy stock imagery 
and graphic design. While its pitch, as reflected in Figure 1, purports a 
community-based co-living environment helping to support the co-working 
lifestyle of its tenants, its price premium is two-to-five times the average 
rents of apartments in the area. This is perhaps an extreme example, but it 
is not unique in its deliberate recomposition of real estate development as 
a purchasable and holistic life-world  — one that commodotizes design as 
aesthetic fashion rather than strategic practice, and leaves this co-dependent 
cohort down a path of rental dependence. 
I highlight this as an example of trends in contemporary real estate 
development and urban design towards complexity and capital-intensivity. If 
these continue unabated, only well-capitalized and sophisticated actors will be 
able to back themselves through the long process of consultation, exploration, 
and risk-taking to achieve a built result.
14
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Occurring concurrently are significant expansions in the discipline of urban 
design that considers infrastructural assemblages incorporating ecological- 
and systems-thinking with technology. The utilization of design computation 
to perceive, operate upon, and represent these complexities delivers newfound 
agency to both the practice of design and also the constituents it designs for.
This thesis questions how design computation at the urban scale may lead 
to new compositions of common agency through household co-ownership. 
By common agency I’m referring to both a colloquial understanding — a 
collective capacity for action — but also an extension to the technical 
“principal-agent theory” purported by Jensen and Meckling. Their 1976 
seminal work on political economy conceptualized the friction between 
a principal (an owner of capital) and an agent (a manger, renter or user 
of capital). Problems occur when there is separation of ownership and 
control; where upsides and downsides are not aligned between either group. 
Consequently, many have proposed that incentives are re-aligned when co-
ownership is enabled by both the agents and the principals, leading to better 
societal outcomes. 
My proposition is to realign incentives between principals and agents by 
integrating both groups into the ‘owner stack’. Design computation is then 
both a process — and a platform — providing a common agent user and 
owner groups, where their interests and strategies can be realized through 
strategizing, financing and developing scattered-site and mixed-use projects.
15
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One of the significant expansions of the design field is the development of new 
theoretical frameworks. These see the construction of the built environment 
as an emergent condition caused by a set of contingent infrastructures of 
financial instruments, technologies of mass-fabrication, transport logistics, and 
marketing communications (Easterling, 1999). One example of this reading is 
Hausmannian Paris, where some 240,000 mass-produced apartment buildings 
were built between 1853 and 1870, under the Baron’s remit to provide a more 
sanitary and revolution-proof urban configuration. Alongside and in support of 
this however, was a substrate of quite revolutionary reorganizations of French 
social and economic structures (Kully, 2011). Figure 2 depicts the French 
Figure 2. Hausmannian urban blocks in 
the  2nd Arrondissement of Paris. 
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response to speculative development so needed for public health and safety.
Beginning with the French Revolution in 1789, historical presumptions 
about the immutability of property — that property was the foundation of 
class definition, and was transferred only by inheritance — were gradually 
challenged. The revolutions of the nineteenth-century saw property law 
transformed to the radical idea that everyone had the right to own property 
and that it may circulate beyond blood and class boundaries.
In 1854, the national mortgage bank of France, Credit Foncier, was given a 
state monopoly for mortgage lending, intending to extend mortgage credit to 
the population at large. At the same time, Credit Mobilier did the same for 
commercial credit by combining investment, commerce, and loan activities 
into an innovative centralized institution that financed speculators, and itself 
speculated on real estate development of Haussmann’s project — effectively 
extending an urban development project into an investment vehicle. 
Figure 3. Urban plan of the new Avenue 
De L’Opera with the properties purchased 
under  compulsory purchase or eminent 
domain where Haussmann’s new urban 
blocks will be installed for the health and 
well-being of the French population. 
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The result of these two infrastructures — an expansion of political agency, 
and an expansion of access to financing — was a substantive shift in the 
constitution and objective of architecture. Alongside questions from the 
field of political economy regarding the right and implications of property 
ownership, were frustrations of professional architects regarding the 
detachment of the craft from previously cultural, artistic, or personal 
motivations and the orientation towards economic rationalization and mass 
production. 
Figure 4: Haussmann’s new 
Avenue de l ’Opera, and images 
of Compagnie Immobiliere’s 
Blv. Marshebes Housing 
Developments, 
from Deborah Grace Kully’s 
2011 PhD “Speculating on 
Architecture: Morality, the 
New Real Estate, and the 
Bourgeois Apartment Industry 
in Late Nineteenth-Century 
France.” MIT
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Similarly, the suburbanization of America was predicated on new 
infrastructures of interstate highways, state-sponsored mortgage lending, a 
‘science’ of land subdivision, prefabricated construction, and mass-marketing. 
This conclusion comes after substantial development in post-World War II 
United States, where the release of land outside of the city and the first large-
scale growth of government backed infrastructure gave way to the ‘scalability’ 
of design in service of capital. 
Figure 5. Depicts modern suburban hous-
ing tracts, which demonstrates scalability 
through design, infrastructure, financing 
and marketing.
19
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Figure 6. “Subdivision Science”: diagrams 
from a study in arrangements of suburban 
tracts across the US, from Organization 
Space, Landscapes, Highways and Houses 
in America (Keller Easterling, 1999).
20
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Mortgage & 
Banking Industry
Transport Logistics
Mass-fabrication
Marketing 
Communications
I want to avoid a critique of the merits of this outcome, but instead 
highlight the network effects that these mass infrastructures — credit, law, 
transportation, material fabrication — have on the form and practice of 
architecture and urban design. (Bratton, 2015)
Once surpassing critical thresholds in their adoption or volume, these enabling 
frameworks sprout new compositions of spatial organization and agency; 
in these cases new relational systems of mortgage structures, residential 
typologies and mass standardization.
Figure 7. An adaptation of “The Stack” 
from The Stack (Benjamin Bratton, 
2015), where mass fabrication is linked 
to finance, transportation, marketing and 
mass-fabrication.
21
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“In many respects, what society used to 
ask of architecture – the programmatic 
organization of social connection and 
disconnection of populations in space and 
time – it now (also) asks of software… 
We will have to question what is or 
isn’t the remaining work of physical 
architecture in light of this. Among what 
remains is the active contingency of 
programs, both hard and soft.”
- Benjamin H. Bratton, The Stack: On Software and Sovereignty
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(overleaf )
 MIT Real Estate Innovation Lab, 
Axonometric showing over 30 databases 
with 2000 variables, for NYC
Another shift in the discipline is a rapid alteration of the practice of urban 
design due to new techniques and technologies. One of the first to describe 
these shifts with regard to cities was Manuel Castells (1998), who documented 
the profound changes in society initiated by digital networking, where 
globalization is driven by access to information and international flows of 
capital.
These interwoven networks of finance, goods, labor and media sparked a 
number of transitions: from industrial economies to post-Fordist informational 
ones; new horizontal networking and interlinking of firms in strategic micro-
alliances; and the production of a global information-saturated mass audience. 
Fundamentally this results in new balances of agency and centrality, where 
access to technology and capital determine new, asymmetric distributions of 
power. Spatially this has led to the rise of importance of the city as the site 
of information-based agglomeration economies; where physical and social 
synergies arise from proximity to talent and shared spaces. 
There are three phenomena that highlight the potency of data and 
computation in rapidly changing the discipline: the first is the torrent of 
data tabulating spatial, economic, social and environmental metrics of urban 
fabrics: tweet-maps are the new night-skies illuminating constellations of 
social activity. Data is the new ubiquitous language that is connecting the 
physical, emotional, abstract and concrete elements of inhabiting space.
Network Effects1.2
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The second is the abstraction of complex urban systems into complex financial 
instruments — virtualizing and reconstituting physical capital into securitized 
commodities  — that both distribute, and also accumulate ownership. Figure 
8. depicts the network of corporate control where it is identified that just 
over 700 firms own the world’s corporate resources. With the rise of urban 
data, these types of analyses can be performed for real estate too. However, 
nothing is a more salient reminder of the true concentration of ownership in 
housing than the 2008 Financial Crisis; the rise in use and the concentration 
of abstracted mortgage backed securities led to one of the most concentrated 
asset ownerships in history, where it was identified that just over twenty banks 
owned the majority of housing debt and just under twenty banks originated it. 
In this way, the real ownership of our homes was held in the hands of the very 
few, via the abstraction of value into securitized commodities. 
Figure 8. Identifies that owners of all 
of the corporate assets in the world from 
Glattfelder, J. B., and S. Battiston. 2009. 
“Backbone of Complex Networks of Cor-
porations: The Flow of Control.” Physical 
Review E - Statistical, Nonlinear, and 
Soft Matter Physics 80 (3).
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Figure 9. Local Code at SFMOMA, The 
Utopian Impulse: Buckminster Fuller and 
the Bay Area. SFMOMA, 2012. An in-
stallation on the San Francisco Local Code 
Case Study by Nicholas de Monchaux was 
featured as part of the exhibit The Utopian 
Impulse : Buckminster Fuller and the Bay 
Area, curated by Jennifer Dunlop Fletcher 
at SFMOMA and shown from March 31 
– July 29, 2012.
The third is the realization that computation amplifies the instrumentality 
of the designer through assistive and automated design tasks. Utilizing 
procedural and optimization methods, repetitive tasks can be systematized; 
saving either work or time, and delivering greater choice to the designer for 
where to place their effort. Demonstrating this, Nicholas de Monchaux (2010) 
was able to produce 3,659 contextually-appropriate designs for vacant lots 
with a team of four people. Figure 9 depicts the designs as art installation via 
woodblocks at the San Francisco MOMA.
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Considering these expanded repertoires that form new interacting platforms 
impacting urban design, we may question what design methodologies can 
assist us — how much of the system-as-a-whole do we need to model, and 
how heuristic can it be? If we understand the complex sensitivities can we 
design-in our desired network effects?
These are not necessarily new questions, and practices have been applying  
analog techniques to this for decades. The Mexico City Study Group 
diagrammed the agents, flows of capital, and spatial outcomes of real estate 
development scenarios in their Ecatapec Project (Kaminer, Robles-Durán, 
Sohn, 2011), imagining a new legal and organizational framework to support 
Diagrams of design scenarios that 
identify opportunities, conflicts and 
negotiations between urban actors, in 
Chora/Bunschoten’s Kyoto Metaspace, and 
Mexico City Study Group’s Ectapec
27
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A System Dynamics description of the 
Real Estate Market, in Ozbas, Ozgun 
and Barlas’ Modeling and Simulation of 
the Endogenous Dynamics of Housing 
Market Cycles (2014)
cooperative development. Similarly, in their project for Kyoto’s “Future Visions 
of Kyoto for the 21st Century”, Raoul Bunchoten & Chora (2001) use their 
novel methodology to design scenarios that identify opportunities, conflicts 
and negotiations between urban actors. In this case, diagramming the stepping 
stones that enable transitions from one set of urban behaviors to another.
However, conventional practices of urban design and strategy are often 
fragile and hermitic. From my own experience in six years of large-scale 
masterplanning & strategy, the highly political nature of the project 
origination, and the mobilization of design within larger and more complex 
systems of real estate markets, finance, engineering and policy, means 
conventionally static or autonomous design frameworks cannot respond to 
rapid and significant changes in scope or intent of a project. 
A more responsive and sympathetic approach is needed.
28
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Two Inquiries1.3
The shifts I’ve outlined are forming a new relational infrastructure propelling 
the production of the built environment; a condition where a golf-course 
engineer can remote-design the contours of a green in Dubai to centimeter 
accuracy, while the project’s financing is spread between English banks, Saudi 
princes and the American Steelworker’s Union Pension Fund.
As we’ve seen so far, the coupling of these aptitudes remains the specialty 
of well-capitalized and sophisticated institutions, but I believe the march 
of technological progress forecasts their widespread democratization. If the 
previously described expansions in urban data, design computation, and 
digitized financing are now mass-accessible, what may occur? Will we see 
individuals or communities engage with the city as do those well-financed and 
sophisticated corporations? What may this look like, and, more importantly, 
how may these aptitudes be diffused?
This thesis then develops two inquiries:
1. The first concerns a systems-approach: What are the observations, 
frameworks and analyses that can format the forces of urban development 
in ways that consolidate complexity into distributable knowledge?
2. What are potential outcomes from mass accessibility to urban data, design 
computation, and digitized financing? What organizational structures may 
arise? How would they act to format the city to their requirements?
30
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A Design Method1.4
In order to resolve these inquiries into an urban design method, I have 
developed a set of computational design tools. The first is a method for 
the automated re-massing of urban typologies using procedural scripting 
and a geometry constraint engine, that achieves set targets for open-
space and density amounts. The second is the automated valuation of a 
real estate development using projected cash flows per financial modeling 
and construction cost estimations — a so called “net present value” of the 
development. A design project then implements an optimization method to 
match suites of sites, project-massings, and financing arrangements, where 
I demonstrate the ability for the inhabitants’ spatial needs to be met within 
financial constraints. 
To explain my new tools, I utilize the framework of a patent. Patents by their 
very nature are the elegant understudy of a continuously evolving technological 
evolution — their progress fortells a potential future not unlike that of a 
design or financial proforma. In that way, I posit two separate patents. The 
first documents my computational design approach. The second documents my 
financial simulation and visualization technique. Lastly, the patents are then 
deployed in a project for three neighborhoods of New York City, on three-
dozen sites for one-thousand inhabitants, in order to evaluate the opportunities 
for network effects through collectively-financed, mass-distributed projects 
that enable common agency.
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Financially Assisted Design1.5
Design and finance have one thing in common; they project a future. In 
both cases the future is based on assumptions, and those assumptions are 
often predicated on intuition and experience. However, a core element of 
both design and real estate finance is the reliance on the physicality of space; 
areas of built volume describing composition and massing, as well as cost 
and income per area of floorspace. Importantly, it is at this intersection of 
design and finance where this thesis finds common ground to develop a 
computational coupling that ties the two disciplines together.
Independently, I wrote an algorithm that enabled the generation of multiple 
urban massing variations deriving from, and inheriting specific design 
properties of, a single manually-drawn input scheme. At the same time, I 
wrote a simulation tool that calculated the financial performance of any of 
those massing variations. Combined, this enables the synthesis of financially 
feasible and infeasible design scenarios. Such a method assists the designer 
to identify financially feasible options that they can then choose from, 
or optimize, for other characteristics of urban amenity — open-space, 
environmental performance, daylighting, post-occupancy productivity, or 
energy use.
Consequently, this computational approach to urban design nudges the 
designer towards realizable innovation within financial constraints; offering 
the designer an agency through design that is at par with the financial 
significance of their real estate product.
34
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“ ...In that Empire, the Art of Cartography attained such Perfection 
that the map of a single Province occupied the entirety of a City, and 
the map of the Empire, the entirety of a Province. In time, those 
Unconscionable Maps no longer satisfied, and the Cartographers 
Guilds struck a Map of the Empire whose size was that of the 
Empire, and which coincided point for point with it. 
The following Generations, who were not so fond of the Study of 
Cartography as their Forebears had been, saw that that vast map was 
Useless, and not without some Pitilessness was it, that they delivered 
it up to the Inclemencies of Sun and Winters. In the Deserts of the 
West, still today, there are Tattered Ruins of that Map, inhabited by 
Animals and Beggars; in all the Land there is no other Relic of the 
Disciplines of Geography.”
purportedly from Suárez Miranda, Travels of Prudent Men, 
Book Four, Ch. XLV, Lérida, 1658
- Jorge Luis Borges, Del rigor en la ciencia. Los Anales de Buenos Aires 1.3 (March 1946), p. 53.
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On Modelling2.1
In 1996 the economist Paul Krugman ventured into interdisciplinary territory by 
admitting his admiration of evolutionary biologists in a talk he gave to the European 
Association for Evolutionary Political Economy, identifying that evolutionists have better 
grasp of the ‘useful fictions’ used to cut through complexities, and economists must re-
learn “that models are metaphors, and we should use them, not the other way around.”   
The field of Urban Design, especially when framed through computational models and 
intertwined with associated disciplines like economics, planning, architecture, politics 
and engineering, must be doubly aware of this warning.
The purpose of this discussion is to understand our continued limitations, but also our 
progress in developing empirically-based models of urban form. Importantly, these 
models form the fundamental cultural and disciplinary biases that can limit and expand 
the frontier of urban and spatial models or protocols, and these ultimately influence the 
design and economic production of our cities.
A core issue for the understanding of cities is that urban models and data limit us. The 
models we use to frame how they work is often limited by the perspective or discipline 
of the modeller. Our sets of interests, the data at hand, and the availability of techniques 
to identify meaning in our analyses can limit the progress of our understanding. Even 
more so, we are often limited by our imagination’s ability to perceive what is data and 
what is not. Progress towards what is computable, but what is left to art and the political 
realm is often changing between science and the humanities. And importantly, a model 
takes on a life of its own; it is reported upon and used in academia and beyond. This 
Krugman, Paul. “What 
economists can learn from 
evolutionary theorists.” A 
talk given to the European 
Association for Evolutionary 
Political Economy, 1996.
This section first appeared 
as an essay published in 
in the inaugural Cultural 
Computation issue. For 
more information, see http://
cultural-computation.com/
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use of the model may create perversions in feeding how the urban form works to begin 
with, in turn creating a self-fulfilling prophecy of how the complexities of architecture, 
design, engineering and economics come together. In this way, what was once thought 
to be iterative process of scientific progress becomes an autoregressive tautology, where 
assumptions can develop into laws without a more malleable and inter-disciplinary 
environment of rigorous questioning. 
Archigram’s Computer City 
diagram, drawn by Dennis 
Crompton, abstracting 
the sorts of monitoring 
systems (borrowed from 
radio0controlled taxis, 
ambulance services and 
airports) that permitted their 
project Plug-In City to operate 
smoothly. 
Sadler, Simon. Archigram: 
Architecture without 
Architecture. Cambridge, MA: 
MIT Press, 2005.
Although urban modelling remains in its infancy, its intellectual legacy has significant 
roots in one particular discipline: geography. Starting with the formulation of cybernetics 
by mathematician and philosopher Norbert Weiner in 1948 (a study of human and 
machine systems explained through feedback, control and communication mechanisms), 
it quickly generated newfound excitement in architects and planners for systematic 
39
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“The simple feedback-control diagram of 
Fig.
1 is the basic tool of the cyberneticist, 
and it suffices to illustrate the elements 
of such a system. The desired condition of 
the system is selected by some goalsetting 
process, entered into a comparator, and 
then tested against the actual condition, 
which is observed and reported by some 
process of information feedback. Any 
discrepancy between the desired and the 
observed conditions causes the actuator 
to act upon the system to reduce the 
discrepancy. The continuing, dynamic 
nature of this entire process results from 
the disturbances that is, causative factors 
outside the system which upset the system 
and make it necessary to apply control 
action to counteract their effects.”
- from Savas, E. S. “Cybernetics In City 
Hall”. Science 168.3935 (1970): 1066-
1071.
approaches to analysing (and therefore shaping) cities (Weiner, 1961). By 
1964, Dennis Crompton of Archigram had already fantasised about network 
and infrastructural effects on urban living in Computer City,  and ES Savas, 
professor of public policy at Baruch College, applied Weiner’s principles to 
urban government in his 1970 Science article, Cybernetics in City Hall (Savas, 
1970).
At the same time, the landscape architect Ian McHarg’s Design with 
Nature (1969) testified the efficacy of layered hybrid maps for identifying 
ecological sensitivity in the geographic domain, which has been heralded as 
the ‘conceptual founding’ of modern-day GIS (in fact, Roger Tomlinson’s 
Canadian Geographic System had already set the stage for computational 
approaches to urban modelling by the late 1960s) (Foresman, 1998).  Yet 
despite 50 years or so of ‘urban computation’, the writer and architect Anthony 
Burke points out in The Urban Complex: 
“Why has the urban condition remained so resistant to attempts to parametricise 
its inherent complexity? Put another way, why have the assumptions of urban 
systems models proven to be incompatible with the reality of the contemporary 
urban condition, and incapable of accommodating or recognising contemporary 
events and behaviours?” (Burke, 2010)
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Contemporary perceptions of urban complexity have increased demands 
on the discipline to move beyond theory and into the domain of empirical 
testing. While the question perhaps places unfair demands on the outcomes 
of computerised modelling (a model that so finely predicts the complex 
interactions of urban form with culture, finance, politics, geography, etc, may 
be approaching the ‘map-territory’ relation limit) (Becker, Korzybski, 1942),  
the question of whether an urban model’s assumptions and its intended (or 
unintended) productivity is important for the frontier of designing better 
cities.
Modern GIS data-structures are predicated on two fundamental constructions 
of geography: two-dimensional layers comprised of either vector- or raster-
based information. This allows rapid compositions of heterogeneous data into 
coordinated hybrid maps (as envisioned by McHarg), thus enabling spatial 
analysis that interrelates multiple domains of knowledge. Combined with 
global reach (both geographic and population coverage) the productivity of the 
technology can be powerful  — the U.S. Holocaust Memorial Museum’s Crisis 
in Darfur project utilised both crowdsourced and institutional datasets to 
map and analyse genocide in unforeseen detail.  Yet it is important to recover 
what the writer and urbanist Keller Easterling (2014) characterizes as the 
‘disposition’ of this infrastructure: not the actual activities performed upon the 
infrastructure inasmuch as the kinds of activities both invited and inhibited 
by the compositions of the infrastructure’s elements. What I wish to bring to 
the fore is the implicit assumption of objectivity given by the ‘impartiality’ 
and ‘omniscience’ of the map: while writers like landscape architect James 
A more detailed investigation into Google 
Earth’s impact on storytelling in Darfur 
can be found in Parks, Lisa. “Digging 
into Google Earth: An analysis of “Crisis 
in Darfur”.” Geoforum 40, no. 4 (2009): 
535-545.
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Corner (1999) have already explored the inherent power structures employed 
in mapping by way of its ability to select and codify data, only recently have 
architects and urbanists explored techniques to map more subjective qualities 
of space. 
In 1984, the urbanist and academic Bill Hillier published The Social Logic 
of Space (Hillier and Hanson, 1989) outlining new methods to graph and 
calculate networks of spaces that defined them by their experiential properties:
“Culturally and socially, space is never simply the inert background of our 
material existence. It is a key aspect of how societies and cultures are constituted 
in the real world, and, through this constitution, structured for us as ‘objective’ 
realities. Space is more than a neutral framework for social and cultural forms. 
It is built into those very forms. Human behaviour does not simply happen 
in space. It has its own spatial forms. Encountering, congregating, avoiding, 
Below are space syntax analyses of 
residential floor plans, with their 
architectural, configurational and isovist 
graphs. 
It can be seen that despite the geometrical 
differences of each house, the strong 
similarity is that the central space lies on 
all non trivial rings (a trivial ring is one 
which links the same part of spaces twice) 
and links directly to an exterior space 
- and acts as a link between the living 
spaces and various spaces associated with 
domestic work carried out by women.
In this way Hillier claims space syntax 
is able to uncover the presence of cultural 
and social ideas in the spatial forms of 
buildings.
From Hillier, Bill, and Julienne Hanson. 
The social logic of space. Cambridge 
University Press, 1989.
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interacting, dwelling, teaching, eating, conferring are not just activities that happen in 
space. In themselves they constitute spatial patterns.”
From this premise, ‘Space Syntax’ analytic techniques such as the isovist (or viewshed 
polygon), axial space, integration, convex space, and more were developed to enable 
observer-oriented descriptions of inhabitable places (rooms, buildings, streets, plazas, 
cities…), that could parallel the similar ways network analysis enabled calculations of 
flow, robustness & dependency, influence and so on of real and abstract graphs. By 
combining these metrics with multi-variate descriptions of urban density, typology and 
use-mix, we are now able to formulate computable relations that can yield insight into 
urban properties like the character of a neighbourhood, or its atmosphere — qualities 
that have been previously left out of urban spatial analytics.
Critically, some measurements in space syntax like the isovist, and Berhauser-Pont & 
Haupt’s Spacematrix (2010) metrics for density require three-dimensional geometry 
 Density patterns based on 
the cluster analysis in SPSS 
using accessible FSI, accessible 
GSI and L as input variables 
and the same clusters projected 
in the Spacemate model. 
The clusters capture besides 
variations in the density 
variables also variations in 
building types such as the 
court, street and pavilion type.
From Berghauser Pont, 
M., and L. Marcus. 
“Connectivity, density and 
built form: integrating 
Spacemate with space 
syntax.” In Proceedings of 
the 22nd ISUF conference: 
International Seminar on 
Urban Form. Sapienza 
University of Rome, Faculty 
of Architecture, pp. 22-26. 
2015.
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structures. The importance of this extends beyond the desire for GIS-esque mappings of 
urban space to acquire higher fidelity or accuracy. Instead, three-dimensional dataspaces 
allow the entry of spatial designers — architects, urbanists, artists, landscape architects, 
and others — to both represent and reproject spatial analytics into potential new forms 
and infrastructures. 
The ability to build semantic properties of space from collections of syntactic descriptions 
(ie, the ability to quantitatively describe qualities of built typologies or floorplan layouts 
or urban fabric from their geometric properties) means that procedural computation 
to produce designs with desired properties is also possible. In this case, designers can 
author a set of operations that can be performed on geometry, and allow an algorithm 
to selectively choose and optimise those operations towards achieving a predefined 
geometric goal — whether it is the satisfaction of a density requirement, particular 
efficiencies in arrangement, or even more corporeal effects. Further, the accessibility 
of massive computational power now allows exploration of tens of thousands of these 
solutions; traversing a so-called ‘design space’ (analogous to the search- or solution-
space in operations research or decision theory) and therefore also inviting modern 
optimization and sensitivity analytics as feedback mechanisms to design processes for 
complex projects.
In 1785, Thomas Jefferson proposed a Land Ordnance that would create a nation of 
“yeoman farmers” – a protocol for the surveying and conjugation of all land annexed by 
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the United States in order for its subdivision and sale to speculators. Such a mechanism 
territorialized new terrain within the bounds of its technological disposition; new cities 
arose with their blocks demarcated at mile-markers; cropfields followed Cartesian axes 
rather than topography; and infrastructures were constrained to orthogonal boundaries. 
The intended –and unintended–  effects of this technology substrate can be traced to 
those initial assumptions and constructions of two-dimensional mapping and surveying 
protocols and their appeals to objectivity and omniscience. 
With our newly formulated capabilities that can situate more complex constructions 
of territory alongside our traditional ones, what new possibilities will emerge – both 
intended and unintended – for the formation of new ways of living, producing and 
constructing meaning?
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Collection of aerial photos showing the diversity of spatial 
arrangements and programs within the Jeffersonian Grid.
Collected from Instagram user “The Jefferson Grid”, 
https://www.instagram.com/the.jefferson.grid/
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Following on from the previous discussion, a completely integrated and holistic 
approach to urban modelling has seen little in the way of productive outcomes, 
despite the aspirations of previous generations of urban designers and planners.
In fact, most have turned out to be fairly arbitrary in the face of overwhelming 
complexities and forces influencing contemporary cities. (Schmitt, 2012)  
In asking the question of how may the complexities, dynamics and 
contingencies of urban design and development be understood and operated 
on by a wider audience, researchers and practitioners usually turn towards 
‘loosely-linked’ component-based models that aim to contextualize 
urban processes within surrounding social, governmental, economic and 
environmental conditions. 
As an example, the UrbanSim software platform developed by Paul Waddell 
at University of California, Berkeley, utilizes a modular architecture to support 
disaggregate spatial microsimulation of land-use and transport interaction at 
a granularity approaching the parcel-level scale; simulating the preferences 
of households and businesses within a discrete-choice disequilibrium model. 
(Waddell, 2003) On the other hand, Christian Derix with Paul Coates 
at University of East London’s Centre for Evolutionary Computing in 
Urban Modelling2.2
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Architecture contrast ‘black box’-type generative computation that alienates 
a planner or designer with a set of modular, heuristic algorithms that can be 
assembled together for particular workflows, and intervened upon by the user. 
(Derix, 2012)
Both of these demonstrate a disparate disciplinary focus when in describing 
the nature of urban development, with overlapping but different scales and 
intentions behind the model In addition, both demonstrate that the choice of 
foundational or axiomatic descriptions of the model content must be carefully 
chosen to enable proper relation back to model subject. 
With regard to urban design, development & real estate finance, this 
means identifying atomic relational metrics that can be tracked across these 
disciplines.
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A similar question was asked by meteorologists in the 19th Century: how may 
the fluctuations, and interdependencies of a complex system like the weather 
be described and widely understood? 
Beginning with Edmund Halley charting predominant trade winds 
circulating the globe, scientists such as Alexander von Humbolt, William 
C. Woodbridge and James Espy utilized thematic mapping to diagram and 
denote particular characteristics of pressure, wind, humidity, temperature.   
They devised systems of graphs, charts and symbols to denote particular 
conditions related to pressure, wind, humidity or temperature, and began the 
exercise of collecting mass-data from networks of connected weather stations 
across a territory. (Frisinger, 1977)
An Analogy2.3
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Lalanne’s “Appendix Plate 1.” From the English edition of Kämtz’s book, A Complete Course of 
Meteorology, trans. C. V. Walker (London: Hippolyte Baillière, 1845)
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- Untitled section of the page 
for December 30, 1861, from 
Galton’s Meteorographica, 
or Methods of Mapping the 
Weather
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The advent of these networking technologies — the telegraph, continental 
railways, and mass-distributed newspapers — made public dissemination and 
understanding of weather status and forecasting a subject of inquiry. No longer 
confined to the arcane expertise of scientists, quick comprehension of these 
systems was required in order to communicate clearly and effectively between 
laypeople. 
Major international conferences like the International Meteorological 
Congress made the systematization of symbology alongside the theory and 
science of atmospheric studies a predominant theme. Proceedings recorded 
questions asking “In what way should the proportion of Cloud in the sky 
be estimated and indicated?” or “Is it desirable to introduce for Clouds and 
other extraordinary phenomena, symbols which shall be independent of local 
language, and therefore universally intelligible?”. These all point to inquiries 
into the representation and parameterization of natural phenomena for the 
understanding of the general public.
Is there a similar opportunity to do so for urban design and development?
More riveting inquiries can be read 
in Google Books’ online scan of the 
International Meteorological Congress. 
Vienna, 1873. 1874. Report of the 
Proceedings of the Meteorological Congress 
at Vienna: Protocols and Appendices. 
Gt. Brit. Meteorological Council. 
Official Publication. G. E. Eyre and W. 
Spottiswoode. 
https://books.google.com/
books?id=pDrPAAAAMAAJ.
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Measurement of spatial qualities is inherently reductive; different disciplines 
and attitudes will necessarily describe space from the perspective of their 
requirements or intentions. This thesis proposes an identification strategy to 
relate the composition of built volumes with their non-spatial performance. 
By using calculable figures, I propose a technique to ‘metricize’ urban form 
as an objective; an objective that provides an alternative to traditional image-
based descriptions of urbanity, and one that colors blunt quantifications of 
urban density with more nuance on ‘urbanity’ and massing. Doing so provides 
the opportunity to map the outcomes of design maneuvers onto performance 
indicators, and further, identify the sensitivities parametrically. Since urban 
massing has a rich variety and contextuality, such a description of massing 
requires it to balance three qualities:
1. descriptivity, so that it enables different typologies to be distinguished 
from one another;
2. productivity, so that its vector of parameters is not over-specified, thus 
allowing effective clustering of similar characteristics, and
3. computability, so that changes in parameter values are defined either 
continuously (differentiable), or discretely (topological transitions).
Parameterizing Urban Form2.4
(overleaf) Philip Steadman, An 
architectural ‘morphospace’ produced 
from the archetypal building, 2014. The 
left diagram outlines all potential plans 
formed from encodings of x- or y-axis 
protrusions. The bottom diagram is an 
enlargement near the origin, where simple 
rectangular plans, Ls, Us, single courts, 
Ts, Hs and X-shapes are found.
Two examples are St Thomas’ Hospital, 
London, and Herbert Hospital, London
From Steadman, Philip. 2014. 
“Generative Design Methods and 
the Exploration of Worlds of Formal 
Possibility.” Architectural Design 84 
(5). John Wiley & Sons, Ltd: 24–31. 
doi:10.1002/ad.1804.
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Housing density in relation to its distribution, from Martin, 
Leslie, and Lionel March. “Urban Space And Structures, Cam-
bridge Urban and Architectural Studies.” (1972).
In a) each band of equal width accommodates an equal amount of 
built space; the outermost ring is one story high while the centre in 
72.
b) and c) show the same built space and plot ratio but distributed 
either centrally or as a linear ring.
a
b
c
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The Spacematrix2.5
The interrelation of real estate valuation and formal configuration requires the 
identification of parameters that can be understood by both fields. While space 
has the ability to be described through a multitude of indexes (length, area, 
openness, legibility, ‘atmosphere’, etc), the world of real estate economics is 
usually distilled to ratios and probabilities of cost and return. One key shared 
parameter is the measurement of material; either via length, area, or volume. 
In real estate valuation, these parameters describe cost components (e.g., 
amount of glazing per square foot) or income components (area of rentable 
floorplate). In urban form, these metrics are used to describe the dimension 
and density of built- and non-built space. 
Since area is identified as the key metric to interrelate financial performance 
with urban massing, using only simple area-based univariate metrics of urban 
form can be reductive (persons per hectare, building height, etc.) Instead, 
Meta Berghauser-Pont and Per Haupt (2010) offer a multivariate vector of 
metrics to enable effective differentiation of spatial layouts. 
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Their analysis begins with the observation that common variables to measure 
built density, such as houses per hectare or Floor-Area-Ratio (FAR) cannot 
efficiently be used to describe spatial properties. For example, dwellings per 
hectare is residential-specific and cannot describe use-mix, and since dwellings 
have a large range of sizes, can be a very elastic variable. Floor-Area-Ratio is 
use-independent, but it is not sufficiently descriptive to differentiate between 
different spatial layouts.
- Berghauser Pont, Meta. Spacematrix: 
Space, Density, and Urban Form. Rotter-
dam: NAI, 2010.
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Their suggestion is to define density using a multivariate approach consisting 
of:
1. Land Use Intensity (ratio of built area per land area, denoted Floor-Area 
Ratio), 
2. Coverage Ratio (ratio of land covered by building footprint to land area)  
3. Network Density (ratio of length of connective tissue per land area).
- Berghauser Pont, Meta. Spacematrix: 
Space, Density, and Urban Form. Rotter-
dam: NAI, 2010.
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Gross Floor Area
Parcel Area
Footprint Area
Parcel Area
Open Space Area
Gross Floor Area
Gross Floor Area
Footprint Area
Floor-Area Ratio (FAR):
Coverage Ratio:
Open Space Ratio:
Floors:
- Berghauser Pont, Meta. Spacematrix: Space, Density, and 
Urban Form. Rotterdam: NAI, 2010.
Importantly, from this matrix we can identify a balance 
between the type descriptions and the amount of variables 
needed to describe them. Moreover, we can identify 
what differentiates specimens of different building types 
economically, without use of extraneous or complicating 
variables. 
In addition, Berhauser-Pont & Haupt explore examples 
the Spacematrix being used to describe the “behaviour”, 
or the performance, of certain outcomes under different 
density parameters. Examples include on-street parking, 
daylighting and energy consumption, or infrastructure 
requirements. These can be used to identify qualitative 
aspects of urban fabrics, and act as an effective 
communications tool.
This thesis contributes to this series of studies by 
overlaying financial performance onto the Spacematrix, 
for user-designed input massing schemes.
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‘Tower-in-Park’ Infill Row House
Coverage       Ratio
Fl
oo
r-A
rea
 R
ati
o (
FA
R)
Composited from Berghauser Pont, Meta. 
Spacematrix: Space, Density, and Urban 
Form. Rotterdam: NAI, 2010.
Since all three fabrics have the 
same FAR, they contain the same 
floorspace, and thus the same 
number of units. 
However, their perceptual and 
qualitative characteristics (as well 
as quantitative performance like 
energy use or infrastructure cost), 
are easily perceived by a designer.
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Multiple approaches to synthesizing architectural form have been 
experimented with since the advent of computer-assisted design software in 
the 1960’s, as detailed in Charles Eastman’s compendium on Spatial Synthesis 
in Computer-Aided Building Design (1975), and Yehuda Kalay’s Computability of 
Design (1987). The complexity of urban design, and its associated interrelations 
to planning, development, transport and infrastructure has meant its progress 
into computation has been slower, and more recent. Nevertheless, three key 
approaches have formed that attempt to handle these complexities.
Procedural approaches to design synthesis employ ‘shape grammars’ (Stiny, 
1980) to derive subsequent designs from their ancestors. In this paradigm, 
initial design conditions are inscribed by the designer, who then chooses 
procedures from a library to operate on the initial shape. Complex forms can 
be created by applying iterative sequences of these operations to create more 
detail. 
Research and implementation of this approach for urban design first came 
about with Pascal Müller and Yoav Parish’s seminal paper on the Procedural 
Modelling of Cities (2001), which was then developed more thoroughly at 
ETH Zurich and finally spun-off to create the software CityEngine (ESRI). 
This uses a split-grammar-based procedural language (Computer Generated 
Architecture, or CGA) that enables designers to automatically generate urban 
form & texture visually similar to reality. The rules allow basic transformation, 
Computationally Generating Urban Form2.6
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Procedural Modelling of Cities (2001) :
Top: The pipeline of the city creation tool. The dark boxes list the 
results and data structures of the individual tools in the white 
rectangles.
Middle: Street creation system applied to Manhattan. 
Bottom: Rendering of virtual city
From Parish, Y. I. H., & Müller, P. (2001). Procedural modeling 
of cities. In Proceedings of the 28th annual conference on 
Computer graphics and interactive techniques (pp. 301–308).
extrusion and subdivision of shapes, and texturing of 
surfaces.  (Mueller and Wonka, 2007).
Another, more design-led initiative has been on behalf of 
Jose Duarte at Universidade Técnica de Lisboa (UTL), 
where Jose Beirao’s thesis on City Induction identified 
particular grammars and functions that are meaningful 
in urban design, in order to deploy these during early 
sketch stages for masterplanning (Beirao, 2012).
However, implementation has not gone beyond academic 
programming to reach enterprise diffusion in design 
programs.
A plethora of ‘parametricist’ styles are effectively 
procedural methodologies at core. These have been 
showcased more recently, especially after Patrik 
Schumacher’s manifesto (Schumacher, 2009) and have 
made their way into design schools globally (Verebes, 
2013). However their rigor and consideration of urban 
design’s dependencies on adjacent domains like planning 
and real estate are lacking. 
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Jose Beirao’s City Induction:
The three images on the left 
show the three available grids. 
The upper right corner shows 
the data output interface in 
which density indicators are 
shown at district scale, block 
scale and per block. 
The lower right corner shows 
the distribution of commercial 
and residential use in the plan.
From Beirão, José Nuno. 
2012. “CItyMaker : Design-
ing Grammars for Urban 
Design.” Delft: Delft Uni-
versity of Technology, Faculty 
of Architecture, Department 
Architectural Engineering+ 
Technology, Department of 
Urbanism].
A fundamental difficulty with procedural modelling is its inability to incorporate global 
constraints, which means it is excellent as a means to visually explore design outcomes, 
but the exponentially increasing design space means the searching, optimizing and 
selecting of designs is computationally expensive. While local constraint implementation 
is possible through explicit specification of rules, these can be cumbersome due to the 
inflexibility of data structures used. 
Despite this, Paul Waddell’s group at University of California, Berkeley, has 
implemented a framework for the Inverse Design of Urban Procedural Models  (2012) that 
overcomes some of these limitations by enabling global performance targets for the 
massing model to achieve. This technique estimates parameter changes required to the 
model using Monte Carlo Markov Chains (MCMC) and resilient back-propagation.
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In contrast to procedural modelling, ‘design space’, ‘parameter space’, or 
‘performance space’ explorations are borrowed from operations research 
and optimization. In this paradigm, a form is both generated and evaluated 
(either synchronously or asynchronously) — an algorithm generates a 
form from a vector of input parameters, and its evaluation is recorded as 
additional components to that vector. By graphing the coordinate points of 
this multi-dimensional vector, a hypersurface with measurable gradient can 
be interpolated and computed. Various techniques for searching through this 
space (gradient-descent, simulated annealing, or evolutionary algorithms) 
enable the identification of salient terrains (peaks, troughs, flat, or steep) that 
correspond to designs with particular input parameters and performances.
Using evolutionary and self-organising map algorithms to search urban 
design-spaces forms the framework for the research programme at ETH-
Zurich’s Future Cities Lab under Gerhard Schmitt (Koenig, Standfest, 
Schmitt, 2014). 
In architecture & construction, structural 
analysis and design has had a longer 
history (and greater success) in this 
area. For more information, see Caitlin 
Mueller’s thesis Mueller, Caitlin T. 
“Computational Exploration.” PhD diss., 
Massachusetts Institute of Technology, 
2014.
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A Software prototype showing an example of a building layout 
with corresponding Isovist analysis. The coloured grid represents 
an Isovist field for “area” property and crosses the entire planning 
area.
On the right is the Self-Organized Map that identifies similar 
designs.
From Koenig, Reinhard. 2015. “Urban Design Synthesis for 
Building Layouts Urban Design Synthesis for Building Layouts 
Based on Evolutionary Many-Criteria Optimization.” Interna-
tional Journal of Architectural Computing 13 (3+4): 257–70.
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However, for spaces with more than four or five 
dimensions, visualization becomes complex. As opposed 
to engineering-oriented optimization, design space 
exploration for designers is not absolutely concerned with 
achieving optimality in one or several criteria (Muller, 
2014). Instead, the sensitivities of performances to formal 
changes is at times more interesting; designers want to 
be able to understand the potentialities and challenges 
of particular designs rather than just optimize. If design 
or performance criteria cannot be mapped or weighed 
against each other, evaluating multi-criteria outcomes 
against each other is difficult (Rutten, 2013). For example, 
it is difficult to provide an absolute baseline off which to 
measure multiple varieties of ‘performance indicators’: 
what is the relative value in doubling a floorplate’s 
daylight autonomy against a tripling of construction cost? 
Layouts with open space. Left: Arrangement of layout variants 
using the mapping of a SOM analysis. Colours show the Isovist 
field area property. Right: Visualisation of the PMatrix of the 
Databionic ESOM Software. Variants (represented as points) in 
clusters with warmer colours have more in common with respect 
to all dimensions than the variants in clusters with colder (blue) 
colours. 
From Koenig, Reinhard, Matthias Standfest, and Gerhard 
Schmitt. “Evolutionary multi-criteria optimization for building 
layout planning.” (2014).
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Integration of three
strands of development
in the Resilient Infrastructure 
and Building
Security (RIBS) project, 
utilizing Visual connectivity, 
space syntax, and 
organizational (asset interface
value which is the
highest value amongst
its connected asset
interfaces) analyses. 
From Derix, Christian, 
and Prarthana Jagannath. 
“Digital intuition–
Autonomous classifiers for 
spatial analysis and empirical 
design.” The Journal of Space 
Syntax 5, no. 2 (2014): 190-
215.
Another approach to computation identifies designer-led ‘heuristics’ as a framework for 
various search, optimization, and generative methods that assist and amplify the role of 
the urban designer. This forms the framework of the research programme under Paul 
Coates and Christian Derix at the Centre for Evolutionary Computing in Architecture 
(CECA) at University of East London. 
Implementation of this is more oriented towards practicable toolsets rather than 
academic pursuits. Initially at Aedas, the Smart Solutions for Spatial Planning (SSSP) 
initiative intended to create a digital chain of tools from GIS and census data surveys 
down to the scale of block massing and plot sizes (Derix, 2008). Now in its deployment 
at Woods & Bagot, Derix et al have defended the utility of this approach as being 
occupant-oriented, and thus utilize visibility analyses combined with space syntax 
legibility and path-finding analyses to yield computational performance indicators of 
designs from a human-centric viewpoint.
Form generation comes about by designer-led linkages of customized generative 
algorithms, manual input, and computational response, all oriented towards project-
based implementation.
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Valuing Real Estate Development2.7
Within the domain of finance, the fundamental construction of a financial 
object is on the basis of cash flows — any structure can be assetified if receives 
or dispenses a series of funds over time. Buildings are just one of many assets 
that undergo this transformation. After a building, an urban development, 
or even a public space leaves the designer’s or planner’s vision, it undergoes 
financial scrutiny from the perspective of its incoming and outgoing cash 
flows. This can be challenging for designers as their professional and social 
responsibility is to the occupant or community, and not to that of the financier 
(although the two stakeholders can be quite correlated). To understand in 
more depth the interplay of cash flows upon a designer’s practice, the second 
patent of my thesis documents a procedure for modelling and visualizing a 
design scenario’s financial valuation. In the next section, I outline the financial 
model, my assumptions for its calculation, and how I enable computation of 
the projected financial outcomes at the urban scale.
From a commercial real estate finance perspective, a property’s value is the 
present value of the expected future income the property could generate. The 
investment framework used to evaluate this value is the “discounted cash flow” 
model, or ‘DCF’, consisting of four steps: a forecast of the expected future cash 
flows over time; a determination of the risk of those cash flows in each time 
period; discounting or weighting those cash flows by their per-period risk; and 
the duration of time one must wait for receiving them and then summing the 
discounted future cash flows to the present value.
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A systems dynamics model of 
the The Real Estate System: 
Interaction of the Space 
Market, Asset Market, and 
Development Industry.
From Geltner, David, 
Norman G. Miller, Jim 
Clayton, and Piet Eichholtz. 
Commercial real estate 
analysis and investments. Vol. 
1. Cincinnati, OH: South-
western, 2001.
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To understand the valuation framework, one must consider the idea of 
acquiring something in the present, and what happens when one must wait 
to receive returns in the future. As in life, waiting requires patience; which 
is modelled as a discount for time; and waiting requires trusting that one’s 
expectations will realize, which is modelled as risk. If it is truly risky and I am 
very impatient, then my discount rate would be very high  — in this way, it is 
extremely costly to wait for my investment’s returns, and would not be worth 
waiting for. Such a perspective introduces the concept of the immediate value 
of a cash flow some time in the future — determining what an asset is worth 
from the perspective of the present. In finance this is denoted the “present 
value”. In addition, there is the cost of making the initial investment to acquire 
Development Project Phases: Typical 
Cumulative Capital Investment Profile 
and Investment Risk Regimes
From Geltner, David, Norman G. 
Miller, Jim Clayton, and Piet Eichholtz. 
Commercial real estate analysis and 
investments. Vol. 1. Cincinnati, OH: 
South-western, 2001.
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an asset — in development it is usually the cost to buy a piece of land to erect a building, 
and go through the process of hiring designers and procure necessary entitlements. In 
this case, once making an initial investment I must ensure that I am returned at least 
my initial investment amount, and in addition consider my patience and trust threshold 
when receiving repayments for the use of that investment, plus the expenses I initially 
made during the acquisition and production of the investment vehicle (in this case, a 
building on land). This in finance is known as the “net present value”, and is a critical 
criterion for financiers in their decision making process: if the valuation of the property 
at the present time, including all costs associated with obtaining the property and the 
impatience and risk of building the property is equal to or greater than zero, the property 
is thus a good investment, and we can state that the “net present value” is positive.
Components of Property
Value over Time
From Geltner, David, Nor-
man G. Miller, Jim Clayton, 
and Piet Eichholtz. Commer-
cial real estate analysis and in-
vestments. Vol. 1. Cincinnati, 
OH: South-western, 2001.
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All other components being equal (land value, expenses, cost of capital), the major 
influences on the property’s value is the amount of rent it can charge per unit area of 
floor space, the growth rate of those rents, and the risk associated with obtaining those 
rents. For a development project where a property is constructed and then leased out 
(stabilized), the key questions from a developer or investor’s perspective is whether 
the required rent per unit area is achievable, whether it can be built for the projected 
costs, and whether the site can be acquired for less than the net-present value of the 
building itself. From a designer’s perspective, while premia on rents can be argued due to 
improvements in aesthetic, functional, or strategic components of the building, the most 
direct way to influence the financial valuation of a development project is to adjust the 
spatial quantities and relationships between amount of floorspace and the construction 
cost in producing that floorspace. In this way, a key element that unites designers and 
financiers is the relationship between space and the discounted value of cash flows.
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Linking Form to Performance2.8
Considering the productivity described by Berghauser-Pont & Haupt regarding the 
Spacematrix, the thesis identifies the ability to use it as the base parameter space upon 
which financial performance can be mapped. 
A performance-mapping is the process of deriving each massing solution from a grid of 
FAR and footprint coverage parameter combinations, and through procedural design 
modelled in 3D space. Analysis of each massing solution can then be completed. In most 
design scenarios, environmental or spatial performance metrics are usually calculated (eg: 
daylighting, or walkability)
This diagram depicts simple 
massings for each combination 
of FAR and coverage 
parameters; large & bulky 
blocks with high FAR and 
majority footprint coverage 
grow towards the right, while 
smaller, thinner towers extend 
towards the left. 
A daylight performance 
analysis is then performed 
for each mass, and visualized 
by colourizing them in 
greyscale. As can be seen, 
the bulky buildings with 
deep floorplates have little 
daylight penetration and so 
score  poorly, while tall, thin 
buildings perform well since 
daylight easily reaches to all 
corners of the floor.
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Visualized where the performance metrics are projected into the vertical dimension, 
and then interpolated between to form a ‘performance surface’, the Spacematrix can be 
interpreted as a parametric design space. 
The computational requirements to visualize the complete space are either an analytical 
model of the surface (ie it follows an algorithmic derivation from its input parameters), or 
it has a numerically computable relationship but is not describable as a set of expressions. 
Since urban design follows the latter, a brute-force computation of a distribution of input 
parameter combinations is the most accurate method to construct the design space.
A typical design space with 
metrics on x- and y- axes 
(input parameters), and 
performance registered in the 
vertical z-axis.
Computing the design space 
requires calculating an 
outcome for a set of parameter 
combinations. 
The resolution and 
comprehensiveness of this 
computation is determined by 
the resolution of the set and 
its extents throughout the 
domain. Visualized here is a 
diagram of a brute-force (non-
optimized) computation
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Of course, there are a multiplicity of parameters and performances that can be 
used to describe and compute a urban design space; each focus upon particular  
relationships that uncover sensitivities between parameters and performances 
in question: in effect, a multi-dimensional design space.
An interpretation of a multi-
dimensional design space 
composed of a multitude of 
input parameters, metrics, and 
output performances.
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In this way urban form and fabric can be interrelated to their performances, and also to the parameters used to describe 
— and compute them. Without a designer manually determining each and every derivation of input parameters that 
form a design, we must turn to a computational method that can do two procedures that generate the geometry from 
input variables, and analyse this result for particular performance outcomes using simulation.
Both of these procedures can have user and autonomous decision-making guiding the process. With the designer 
present by inputting design, choosing parameters or constricting and constraining the computation, they become in 
effect an editor-designer. In this way, the user guides the autoation of both geometry and analysis as seen in the diagram 
below.
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fig. 1
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those design to achieve specified targets. User-input 
is denoted as being the volumetric massing model 
for the site, a set of target performances to achieve 
(floor-area ratio, and footprint coverage), while 
remaining within specified design constraints.
The implementation of a generative algorithm for 
urban form considered the observations of Derix et al. 
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employed in designing urban forms. Through their own 
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that architects do not want holistic simulations that 
override their spontaneous and heuristic purpose rules 
(tacit knowledge)”.
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This attitude countered the presupposition that design 
assumptions could be explicitly modelled, that underlaid 
earlier generative methodologies like Space Syntax and 
URBAN 5. Derix postulates that there may be multiple 
types of these design ‘assumptions’, which should be 
modelled more as hierarchies of rules that apply at 
different scales: ‘constraint rules’ explicitly specify 
performance requirements, and act as regulatory axioms 
that apply across all scales; whereas ‘purpose rules’ are 
scale-dependent and require interpretation to identify the 
design performance intended. 
TARGETS
Considering this, the algorithm assumes the user-designer 
intends to test particular topologies of urban massings 
rather than have them created by the computer, in order 
to understand sensitivities, uncover opportunities, or 
limit investigation of further design. This testing then 
occurs within a set of user-specified global constraints and 
targets for the geometry to achieve.
The Spacematrix multi-variate parametrization is a 
constructive set of metrics used for global targets, 
since it can define extents of the parameter space that 
act relatively uniformly — particular typologies and 
performances are homogeneous in particular regions 
— and so the user-set limits to target performances can 
be set to a domain that has some relation to empirically-
demonstrated parameterization. 
Therefore, the targets for the massing to achieve are 
derived from the Spacematrix metrics; either an increase 
or decrease in floorspace (FAR); or an increase or decrease 
in footprint coverage (GSI). 
With regard to ‘purpose rules’, scale issues are mitigated 
by specifically choosing and tuning geometric constraints 
for parcel sizes found in the project sites (three 
neighborhoods of New York City), and for typology 
types that are not too dissimilar from the conventional. 
This follows again from Derix et al: “The designer needs 
to be able to comprehend the search mechanism of the 
simulation in order to identify with proposed model 
states. That means that processes cannot encompass 
too many scales as phenomena become too complex to 
visually grasp and important aspects or elements are lost 
(that is, the machine chunking of the simulation does not 
correspond to the human designer’s learned psychological 
chunking). Using an approach that explicitly incorporates 
(59)
US 20171234567B2
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CONSTRAINTS
Key design constraints built into the algorithm work at 
the scale of a parcel, and identify geometric features to 
either maintain or modify, in order to mimic ‘purpose 
rules’ in general use during early-stage urban mass-
making. These are classified as topological, layout, and 
contextual:
a. Topological rules aim to keep overall massing 
arrangement consistent: modifications to the built 
form should be logical; as though the relation 
between a design change and its causal driver 
could be identified by a human designer. Following 
from his analyses of form composition, Philip 
Steadman speculates that “consistent and predictable 
relationships can be expected to hold statistically 
between the floor areas and the exposed surface areas 
of built forms”, especially for buildings requiring 
daylight or program along the façade.  His systematic 
cataloging of building morphologies points to 
topological consistency being an intuitive design 
heuristic. 
Since the target criteria for massing changes in 
the algorithm are areal or volumetric, expansion 
and contraction of the built form perimeter is a 
core procedure, and requires a robust algorithm to 
handle global and local constraints to points and 
lines while still achieving topological consistency. 
This is achieved by utilizing the polygon straight 
skeleton, which is a geometric primitive of a polygon 
that specifies its non-unique topological map, and is 
formed by tracing the paths of the polygon’s vertices 
as it is offsetted (or buffered) inwards. The advantage 
of the straight skeleton is its non-scalar mapping 
for all polygons of similar topology, and that it can 
be computed for non-orthogonal and non-convex 
shapes. This enables its application to a wide variety of 
realistic urban massing arrangements. 
Constraining the topology to act consistently while 
being modified is achieved by maintaining the 
allineation of points from the input and skeletonized 
polygon, while allowing their interval distances to 
relax into lengths that produce a lower overall system 
energy. 
In addition, a force-system inhibits the ability for 
line segments to intersect and initiate potential 
Boolean-joining of shapes. This is done to avoid 
(60)
US 20171234567B2
scale and morphological phenomena avoids the simulation 
framework getting stuck with specific performance 
criteria and parametric standards.” 
81
Chapter 3: Automated Re-Massing
abrupt topological transitions that occur upon shape 
combination, and because the underlying geometry 
description does not employ half-edge- or winged-
edge mesh structures that can track such topology 
transformations.
b. Layout rules aim to simulate conventional urban 
design rules-of-thumb like building-depth 
dimensional ranges and feasible floorplate aspect 
ratios. This is achieved by identifying specific line 
segments in plan and constraining their length range; 
for urban massing scenarios I have limited floorplate 
depths to be longer than 15ft (a very thin residential 
floorplate) and lengths less than 300ft (to avoid overly 
massive buildings).
c. Finally, contextual rules mimic heuristics employed 
in urban design to achieve visual contiguity with 
surrounding massings, maintenance of ground-
plane porosity, and definition of public-private 
spatial sequences. This is achieved by a force-system 
that snaps subject points to particular contextual 
geometries: street walls are maintained by snapping 
points to the parcel boundary, while porosity is 
preserved by projecting adjacent massings’ maximal 
lines and aligning internal open space shapes to those 
projections. 
The overall system deployed requires three user inputs:
a. The parcel containing the massing scheme. This is 
essentially the 2.5D polygon defining the territorial 
limits of massing configurations, and can be linked 
back to geospatial, legal, and financial databases 
through its address or containment within regulatory 
and demographic zones.
b. Initial user-designed massing schemes. These are 
conventionally known as ‘block-and-stack’ models 
of urban form, that delimit the most rudimentary 
components of a building’s massing: 3D exterior 
perimeters, basic identification of floorplate program, 
and sometimes core position and circulation topology.
c. Specifications for the spacematrix targets and the 
constraint engine. These are the ranges of percentage 
increase or decrease from the initial scheme’s floor-
area ratio and footprint coverage, and any specifics 
with regard to geometry selection, error bounds, and 
distance bounds for input into the constraint engine.
SYSTEM REQUIREMENTS(61)
US 20171234567B2
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US 20171234567B2
Massing Configuration
Input from Designer
Parcel
Input from Designer
Design Constraints
Input from Designer
Brownsville, 
Brooklyn
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fig. 3
fig. 3
Pedestrian and Resident thoroughfare
Central Resident Courtyard
4-5 storey slab typologies
INITIAL DESIGN INPUTS
MASSING OPTION A
Configuration of 4-5 storey slabs with central common 
area bounding a cross-site thoroughfare.
(62)
(63)
US 20171234567B2
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fig. 3
fig. 3
MASSING OPTION B
Utilization of low-rise row-house typologies, reorientation 
of the cross-site thoroughfare. Little internal open space
(64)
US 20171234567B2
Pedestrian and Resident thoroughfare
Row-house types
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fig. 3
fig. 3
Winged terrace typologies
MASSING OPTION C
Introduction of winged terrace blocks, situating cross-site 
thoroughfare to exit through a re-purposed vacant lot in 
the site’s north
(65)
US 20171234567B2
Pedestrian and Resident thoroughfare
Street-facing open space
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Massing Floorplates
Parcel Open SpaceMassing & Parcel 
Configuration
Identification of 
Constraints
Footprint 
Skeletonization
- Allineation
- Point-snapping
- Distance-bounds
Geometry 
Constraint 
Solver
Coverage Targets
Density (FAR)  Targets
New Geometry 
Configuration
Identification of 
New Footprints
New Massing 
Configuration
Floor-Area Solver Extrusion
US 20171234567B2
DIAGRAM OF THE ALGORITHM(66)
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OUTPUT OF SKELETONIZATION(67)
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US 20171234567B2
STILLS FROM AN ANIMATION 
OF  THE ALGORITHM’S OUTPUT(68)
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This method implements a Discounted Cash Flow 
calculation of a real estate development project in a 
computer system. It deconstructs a building massing 
model into construction components, and assigns 
construction cost, income, operations and capital 
expenses to the quantities of built volume or area as 
required. It then calculates appropriate indicators 
of financial performance - net present value and the 
internal rate of return, and visualizes the sensitivity 
of these outputs by plotting them against the massing 
model’s input parameters.
The implementation of the valuation model uses two 
inputs determined from the 3D massing scheme: a 
construction cost value, and a set of future values for 
income and expenses (the 10-year discounted cash flow 
pro-forma). Since the massing scheme defines only two 
spatial components – the built-form volume and the parcel 
it sits within, it is computationally deconstructed into five 
components:
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US 20171234567B3
a. The area of open space in the parcel
b. The area of building facades (defined as vertical 
surfaces of the volume)
c. The area of the building’s floorplates (automatically 
generated by contouring the mass volume)
d. The volume for the building’s substructure and 
foundations (derived from the building’s footprint and 
a static depth)
e. An indicant of the amount of core required to service 
the building, computed from the building’s height and 
amount of floorspace in the volume.
Costs of construction are estimated for these components 
from surveys of construction estimation publications 
(RS Means, Craftsman National Building Cost Manual) 
and independent research (NYU Furman Center). Since 
exact mapping of cost estimations to the computationally-
deconstructed components is not possible (construction 
costing requires more architectural detail than what is 
provided from a simple massing), the average cost per 
square foot for overall construction cost is tuned to be 
in line with current averages. A premium is established 
to reflect the non-linearity of construction costs due to 
increased complexity as buildings become larger. This is 
expressed as a function of area:
 C = ∑ (ac)(  +e)
where C is the construction cost, a is the component area, 
c is it’s cost per unit area, and e is a tunable constant.
In addition, income and expenses for both residential 
and ground floor retail is estimated from surveys of rent 
comparables data hosted by Compstak and accessed 
through the MIT Real Estate Innovation Lab. Future 
growth of incomes, operational and capital expenditures 
are assumed to be in-line with data provided by 
Compstak.
(59) COMPONENTS 
1
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(60) A DIAGRAM OF MASSING DECONSTRUCTION AND COST ASSUMPTIONS
fig. 2
US 20171234567B3
Input Massing from 
Designer
Cost Assumptions:
Income Assumptions:
Ground Floor Retail
Office
Residential
Average of Overall 
Costs:
$278/sqft 
$25/sqft $50/sqft $125/sqft
$150/sqft - $250/sqft
$50 - $150/sqft
$35 - $75/sqft
(Depending on location & program)
$50/sqft
(Includes Site 
Preparation)
$75,000 each
(Conditional on 4+ 
storeys)
Parcel Open Space Facades Floorplates Foundations Cores
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(61) VISUALIZING THE DISCOUNTED CASH FLOW METHOD IN THE DESIGN SPACE
For each massing configuration the automated 10-year 
pro-forma calculates two financial performance values: the 
net present value of the development, and its internal rate 
of return. Since the model does not separate development 
risk from the stabilized asset, a blended rate of 9.25% is 
used, and the capitalization rate is surveyed from data 
procured by the MIT Real Estate Innovation Lab and set 
at 5.3%
fig. 3
US 20171234567B3
Floorplates
Facades
Foundations
Open Space
Cores
Assumptions
Massing Option 
as Parameter in 
Spacematrix
Automatically 
Generated 
Massing 
Geometry
Market
Cash Flows
Net Present Value
& 
Internal Rate of 
Return
Financial 
Performance for 
Each Massing
Interpolate 
Surface between 
Points 
Construction 
Cost
Discount Rate:
Accounts for the amount of trust 
one has in a counterparty, i.e., 
risk of receiving payment
Since this model does not 
separate development risk from 
the stabilized asset, a blended 
rate of 9.25% is used.
Capitalization Rate:
Is the expected yield on the 
property, i.e., the amount 
of annual payments to the 
total selling price of the 
building. 
Going-out cap rate for 
NYC: 5.3%1
x
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(62) OUTPUT FROM THE METHOD: GENERAL FINANCIAL TRENDS
The above charts describe the relationship between 
spacematrix parameters (FAR & coverage) and financial 
performance for three different massing schemes. It 
demonstrates that increased footprint coverage has a 
positive impact on valuation, which can be interpreted as 
a demonstration that more floorspace can be leased for 
relatively less increase in infrastructure costs (cores) or 
surface area (façade) (ie, a warehouse is a cheaper format 
than a skyscraper).
Floor-Area Ratio Footprint  Coverage
fig. 4
US 20171234567B3
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It also demonstrates that there are idiosyncratic reactions 
to an increase in density; specifically that there are 
regions where an increase in FAR in uneconomical, 
due to significant up-front infrastructure spending to 
achieve incremental increases in floorspace (and therefore, 
income). This can be mapped to real-world situations 
where costs for elevators or large-scale HVAC to facilitate 
a one-storey increase to a walk-up apartment block prove 
too costly.
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(63) OUTPUT FROM THE METHOD IN THE SPACEMATRIX
For each of the massing configurations specified by its 
point in the two-dimensional parameter space of the 
spacematrix (density-coverage), its financial performance 
can be identified in the vertical axis. Interpolating 
between all points for a range of spacematrix parameters 
produces a surface in a three-dimensional ‘design 
space’ that allows for analysis and interpretation of the 
effects that urban design parameters have on financial 
performance.
fig. 6
US 20171234567B3
Size of Core in Massing Solution
Massing Option A
Massing Option B
Massing Option C
Contours denote locii of massing 
options with the same financial 
performance
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X marks the initial massing scheme’s 
design parameters (FAR & Coverage)
Horizontal plane identifies all design solu-
tions with the same financial performance
(this also identifies all solutions that are 
feasible given the land value)
Each ‘leaf ’ is the interpolated surface 
constructed from the output results of each 
massing solution’s financial performance
(64) OUTPUT FROM THE METHOD: IDENTIFYING ISO-PERFORMING DESIGNS
fig. 7
US 20171234567B3
Massing Option A
Massing Option B
Massing Option C
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The intersection of this place with the in-
terpolated surface of financial performances 
for each massing arrangement describes the 
trend as parameters vary
Vertical plane is a visualization of a ‘locked’ massing 
parameter: in this case, Footprint Coverage is 50%
(65) OUTPUT FROM THE METHOD: IDENTIFYING PERFORMANCE SENSITIVITIES
Constraints may also be visualized by a vertical plane 
along either x- or y- axes that signify regulatory limits 
or designer-intuitions regarding the allowable density 
or open space on the site. In addition, for any region 
fig. 8
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Massing Option A
Massing Option B
Massing Option C
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(66) OUTPUT FROM THE METHOD: IDENTIFYING DESIGN FEASIBILITY
circumscribed where the surface punctures below the x-y 
plane, this region denotes massing arrangements where 
the financial performance is less than zero, and therefore 
no design option will be economically sound. 
For designers, this visualization returns feedback about 
financially viable, and financially optimal design options 
to pursue, enabling a more informed design process.
fig. 9
US 20171234567B3
Massing Option C
Region of massing arrangements where the 
NPV < 0 (i.e., there is no design option that 
will be economically sound, even if the land 
is free)
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Finally, given the ability to overall and intersect 
these surfaces, optimal arrangements at any point 
in the spacematrix can be identified, and in the case 
of computationally-automated design search, these 
intersection boundaries can signify topology transition 
moments for the algorithm to adopt.
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(67) OUTPUT FROM THE METHOD: IDENTIFYING TOPOLOGY THRESHOLDS
fig. 10
US 20171234567B3
Massing Option B
FAR: 1.25
Footprint Coverage: 50%
Massing Option A
FAR: 2
Footprint Coverage: 50%
Massing Option B
FAR: 2.75
Footprint Coverage: 50%
In
ter
na
l R
ate
 of
 R
etu
rn
50%
40%
35%
30%
25%
20%
15%
10%
5%
45%
Dotted line denotes 
threshold transitions 
where particular 
designs outperform 
each other (“topology 
transition”)
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East Harlem, Manhattan
Brownsville, Brooklyn
Sunset Park, Brooklyn
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To implement my design computation and financial simulation methods, this thesis 
applies these approaches to a project where common agency is employed to enable a co-
developer strategy. In this way, principals and agents are more mutually aligned through 
co-ownership, co-programming, co-designing, and co-financing the project.  The 
thesis project identifies three neighborhoods of New York City in which to deploy the 
previously described patents. These neighborhoods — East Harlem in Manhattan, and 
Brownsville and Sunset Park in Brooklyn — are chosen as being representative locations 
for the efficacy of design computation to be employed and witnessed by residents of  
communities that are undergoing significant transitions in land use and built form 
patterns. Specific parcels were chosen in these neighborhood areas through a geospatial 
analysis that identified vacant lots, or lots that were significantly underutilized in 
comparison to their maximum built floorspace regulated by New York City Department 
of City Planning zoning designations.
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Figure 1. Brownsville , 
Brooklyn site diagram, identi-
fied by  dark checked box.  The 
site is approximately  13 par-
cels or equivalent to roughly 
over 10 acres in size. 
The Brownsville site is located adjacent to recently enacted and significant re-zoning 
efforts for inclusive and affordable housing by the New York Department of City 
Planning (DCP, 2015), and the is an amalgamation of seventeen vacant or underutilized 
lots (currently ground-level parking). The East New York - Broadway Junction subway 
station is a ten-minute walk away; connecting the Brownsville site to locations in Sunset 
Park and further on to East Harlem. The primary use for this site is residential, with the 
potential for some ground-floor neighborhood retail.
Brownsville, Brooklyn
111
Chapter 5: A Co-Developer Strategy
Option A
Initial Manually-Authored Massings Schemes:
Axonometric
Axonometric
Axonometric
Plan
Plan
Plan
Option B
Option C
112
Chapter 5: A Co-Developer Strategy
Figure 2. Sunset Park, Brook-
lyn site diagram. The site is 
spread across multiple spaces 
in the community . In total, 
there are about 12 sites,  with 
approximately nine acres of 
land. 
Sunset Park’s twelve sites are situated near the 45th Street subway stop and border 
the Gowanus Expressway. They are a mixture of residential, manufacturing and 
commercially-zoned parcels, and have a diversity of sizes and block-configurations 
(corner-lot, cut-through, and oddly-shaped from previous amalgamations. Primary uses 
for these are light-manufacturing, worker housing, auxiliary functions like children’s 
daycare, and the potential for cultural program like an arts center.
Sunset Park, Brooklyn
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Option A
Initial Manually-Authored Massings Schemes:
Axonometric
Axonometric
Axonometric
Plan
Plan
Plan
Option B
Option C
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Figure 3. East Harlem, Man-
hattan site diagram isolates 
via checked lines the  scattered 
sites across East Harlem. In 
total, there are  12 parcels.
The sites in East Harlem are located near the 116th Street Station, and to the east of 
numerous re-zoning plans that were begun by the Department of City Planning in 
2002. Despite the large amounts of development activity in this neighborhood that had 
occurred over the last decade due to the successions of rezonings, small individual as 
well as potentially assemblable lots were found through geoprocessing. In addition, the 
analysis identified lots that had significantly more buildable floorspace than was currently 
utilized, and so these were marked for redevelopment.
East Harlem, Manhattan
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Option A
Initial Manually-Authored Massings Schemes:
Axonometric
Axonometric
Axonometric
Plan
Plan
Plan
Option B
Option C
Hypothesis5.2
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In order to speculate on potential outcomes from mass accessibility to urban data, 
design computation, and digitized financing, the thesis hypothesizes that since these 
technologies will be in widespread use, clusters of households may collectively originate, 
fund, and construct networks of mutually co-dependent developments. 
This vision follows on from long-precedented projects of co-operative development. 
Utopias fomented into reality in the form of kibbutzim, co-operative housing, 
communities of New Urbanism, and even loosely into closed gated communities of 
suburbia. In more recent times, co-operative spaces have moved into other programs  
with the rise of co-working, co-retail and maker spaces. These nascent precedents being 
implemented around the world justify their programmatic exploration in this project.
Furthermore, there is some recent academic precedent. David Birge’s thesis on the 
potential for automization technologies to underlay a new narrative for the American 
middle-class culminated in co-operative and integrated communities predicated on co-
production and co-habitation (Birge, 2015). 
However, this thesis can also draw inspiration from innovation theory in economics; 
specifically the concept of  ‘creative destruction’ most readily identified with Joseph 
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Schumpeter, who traced its lineage back to Marx. Marx and Engels first asserted 
destructive-constructive capabilities of capitalism through recurrent market crises in 
their Communist Manifesto (Marx and Engels, 1848) and refined the idea in subsequent 
writings. Schumpeter’s investigations of business cycles led him to specify that these 
crises were tied to and driven by technological innovation, where entrepreneurial activity 
that developed new markets, processes and products fueled waves of economic shifts that 
toppled previous supply chains and market structures and erected new organizations in 
their place (Schumpeter, 1942). 
Critically,  Everett Rogers identifies that a critical component of the creative-destruction 
cycle is the diffusion of innovations through society (Rogers, 1962), which identifies the 
social and technical stages a technological innovation must progress through towards 
community-wide adoption. 
Seen from this perspective, the unique, specialized skills and knowledge required to 
perform urban development are a domain undergoing rapid change. No longer are ‘gut 
feelings’ for the feasibility of a proposal or the cultivated friendships that grease political 
machinations, a prerequisite to understand or realize real estate development. Instead, 
the torrents of urban data and analytics that clarify trends, constraints, and opportunities 
are overlaying and replacing human-learned experience with machine-learned findings. 
Figure 4. documents the 
timing of waves of innova-
tion across thirteen different 
emerging technologies and 
five different cycle speeds. This 
curve demonstrates the rise 
and fall of all technologies as 
they become commonplace and 
mainstream in society. 
From Hirooka, Masaaki. 
“Nonlinear dynamism of in-
novation and business cycles.” 
In Entrepreneurships, the new 
economy and public policy, 
pp. 289-316. Springer Berlin 
Heidelberg, 2005.
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Automation of rote design practices are enabling specialists to spend more 
time on complex projects and questions, but also providing new accessibility 
for laypeople to access insights about urban design and development that 
previously required training and experience.
While typical examples of similar processes demonstrate dramatically reduced 
costs associated with innovations in products (a Gutenberg printing press is 
now effectively a cheap desktop printer, or CAD software for the aerospace 
simulation is now Sketchup), there is a significant difference with development 
projects: the cost of land, which follows almost inelastic supply curves, since it 
is impossible to create more of it (save for reclamation). The inability to treat 
land as a commodifiable and fungible good means that land prices reflect 
fundamental costs for the production of goods due to their location, and 
cannot be reduced unless there are shifts in entire demand and supply chains. 
Since these chains are embodied in complex networks of trade and production 
between cities across the globe, land prices are inherently stable, and for 
locations with large demand — expensive. 
Since land prices will not foreseeable be reduced to the point where individuals 
will be able to purchase locations and real estate products in high-demand 
areas, new technologies that enable easier and more secure pooling of funds 
may provide the ability for collections of interested parties — individuals, 
households, and organizations, to collectively draw resources that enable them 
to satisfy urban development needs that could not necessarily be attained 
independently. These mechanisms — currently in early-stage deployment 
— are termed ‘crowd-funding’ or ‘crowd-sourcing’ and serve to co-organize 
capital and information into a synthesized source. In this way a community of 
shared creators have incentives to contribute knowledge, activities, commerce 
and capital to create a collective community.
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Desired Amenities
Park + Playground
Grocery Store
Daycare + Afterschool
Art Center
Target Return
on Investment
12.5%
A Community of
Co-operative Citizen Developers
A Portfolio of Scattered Sites5.3
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Combining the methodologies outlined in the previous patents by performing 
automated re-massing on a multitude of sites, and then running automated 
financial proforma valuation on each massing solution produces design space 
graphs that overlay multiple sites’ performances. Since these have exogenously-
defined baselines (ie, they are able to be related back to one another via 
an externally defined scale), it is possible to identify relative performances 
between each of the sites, and each of the massing solutions computed for each 
of those sites.
A key observation for the strategy is the incorporation of uneconomical 
solutions from the design space. Conventionally, and when each development 
project is seen on its own, each project must justify its feasibility on its own 
merit — in the case of a financial feasibility, on the requirement that its net 
present value is greater than zero. However, an exception to this is indicated 
by Geltner et al. (2013) by identifying the difference between the market 
value of a property and its investment value. A property may be more or less 
valuable than its theoretical expected price in an efficient market (its market 
value), due to particular investor-specific concerns like holding period, 
portfolio composition, or development strategy. In the case of a suite of 
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Re-massed solutions 
situated below the x-y 
axis are “NPV < 0”, or 
financially infeasible.
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Sunset Park, Brooklyn
Commercial Office
Workshops and Fabrication
Affordable Daycare
Arts Centre
The financial performance 
of each site with a single 
massing option is drawn. 
Each site as instantiated in 
the axonometric below is 
also located as its parameter-
coordinates in the design space 
- either above or below the x-y 
plane. If the point  sits above 
the plane it is ‘net present 
value positive’ and thus a 
financially feasible design 
since it raises more value than 
it costs. If it sits below it is 
infeasible to develop since it 
costs more than it raises. The 
length of the line between the 
plane and the point identifies 
the total value earned or lost.
A scattered-site development 
project that associates dif-
ferent land-uses to different 
locations. This arrangement 
is made in order to avoid 
difficulties with land-use zon-
ing, but maintain locational 
adjacency so that residents and 
members can easily access all 
functions.
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potentially developable sites, each with idiosyncratic locational, programmatic or spatial 
advantages and disadvantages for their development as a scattered site mixed-use portfolio of 
developments, financial performance must be calculated on the basis of the performance 
of the developments as a collection rather than each individually. This moves the analysis 
into the domain of portfolio theory, which is a framework that enables the assembly 
of a range of investments that collectively maximise return while minimizing risk. 
(Markowitz, 1952).
Key to portfolio theory is a diversification strategy so that the combination of investment 
instruments are not perfectly positively correlated (i.e., the assets’ response to underlying 
market changes is dissimilar). Most modern portfolios therefore mix various types of 
assets that have fundamentally different market mechanisms; usually stocks, bonds, 
and physical capital (real estate). In this way, we can identify a co-developer strategy 
that takes equity investments in a company that co-owns the mixed-use development 
itself, like ownership of stock in a company. In addition, we can take a portion of local 
municipal bonds in the area as a fixed-income security, or bond, that can collectively 
purchase stakes in local communities’ projects, as well as taking on some development 
oriented risk in financing the equity portion of the housing elements within the mixed-
use projects. In summary, we start to grow a community development strategy that 
leverages modern finance tools to create a mutually beneficial co-developed space. 
At the core of this strategy is enabling more mutually-beneficial development for the 
community, and the remainder of this section focuses on developing a portfolio strategy 
for the mixed-use co-developed sites.
To do this analysis and enable the feasibility of this portfolio-based strategy, we must 
identify the linkages across multiple sites, uses, size and financial constraints to create 
our optimal co-developed platform. Financial analysis of an investment usually reduces 
value to a single measurement  — money — and identifies two components to the flows 
For precedents of community-
oriented municipal bond 
access, see Neighborly (https://
neighborly.com/)
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Seen individually, each project may or may 
not perform sufficiently (financially) to 
support its development 
However, seen 
as a collective of 
developments, there 
is an ability to 
transfer profit from 
one development to 
another, enabling cross-
subsidization of projects 
to achieve spatial 
requirements
of that value over time: the return rate of initial investment; and the riskiness of receiving 
those returns. However this project adds another measure of value in the form of space 
utility: this is the inherent value created by the provision of the required amount of space 
for designated uses within the scattered site development project (although a conventional 
A graph of net present value, 
including the land value, for a 
set of sites and a single initial 
massing option on each.
124
Chapter 5: A Co-Developer Strategy
Workshops and Fabrication
Commercial Office
Arts Center
economic assessment might place a cost on non-provision of space and the 
need to source it outside the development). This composition of the portfolio 
establishes two performance criteria with their own constraint sets: a portfolio 
return that is above an exogenously-defined rate, and the provision of a 
sufficient amount of floorspace areas throughout the portfolio’s assets.
Visualization of the transfer of funds from 
profitable developments like commercial 
office and workshops to individually 
uneconomic development projects like an 
arts center, thus enabling a portfolio of 
spatial programming within financial 
constraints.
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Since zoning, layout, and design are constraints on land and floorspace uses in particular 
locations (ie, uses are not necessarily exchangeable across portfolio sites), a technique 
of cross-subsidization is used to transfer funds from a profitable development to an 
unprofitable one. In this way, the ‘negative externalities’ caused by incorporating poorly 
performing developments (from a financial standpoint) can be internalized into the 
system-as-a-whole, and their positive effects properly weighted and valued. The objective 
of the cross-subsidization strategy then is to identify the best performing selection of 
sites with associated massing arrangements and program enumerations.
However, selecting and tuning the sites, programs, designs, and optimal financial returns 
over tens of thousands of combinations requires computation. While the constraint 
equations for a mathematical optimization routine in this case are relatively linear, 
as pictured earlier the objective-space performance surfaces (‘leafs’) are complex and 
potentially non-linear. Due to this they are not readily describable by analytical methods, 
and so require either brute-force or approximation strategies. One such strategy is 
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described by Caitlin Mueller, who uses precomputed surrogate models to “substitute a 
low fidelity, computationally inexpensive model, or surrogate, for an original high fidelity 
model” (Mueller, 2014). Mimicking this, a statistical model can be built to approximate 
the curvature of the surface by model training, and this analytical description is then 
used within the optimization algorithm. 
 A general expression of the optimization algorithm is:
 maximise:  P   
 subject to:  Ap ≤ b,  where A defines the surrogate model for each  
     massing option’s performance surface, p is the  
     net present value for each massing solution, and  
     b is a set of constraints,  whether regulatory or  
     designer-imposed.
 and   ∑p = P 
This allows us to compute the best performing set of massing options and sites within 
design and financial constraints.  
A Strategy for Scattered Sites5.4
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Figure 5. from Geltner et al. 
(2013) documents exemplary 
forms of capital that invest 
in single or mixed-use 
development projects and 
their cumulative expected 
investment in the projects. 
The effective result of a set of capacities to assemble urban development projects into 
a portfolio is a newfound accessibility into the project’s capital stack. Currently the 
composition of players that contribute capital towards development projects is limited 
to sophisticated or well-capitalized investors, and their return prioritization (in order 
of investment) often has influence over strategic directions in its design and realization. 
Currently absent from most of these financial structures is an owner-operator-type 
syndicate who also fronts entrepreneurial seed equity — in effect acting beside or 
potentially even replacing the developer. Since these actors are intimately tied to the 
performance — both financial and more comprehensive — of the development project, 
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their interest, via both capital and decision-making, is a worthwhile addition 
to the capital stack. 
The end result is an extended valuation that goes beyond purely financial 
quantities and begins to appraise qualities of architecture and urbanism 
that benefit their users and the wider community. A centrally-located and 
affordable daycare for member’s children saves not only time and money, but 
brings social and communal connections; an arts center acts as nexus between 
the co-operative and their wider community.
Such a platform will enable a co-operative to self-design and self-decide 
the makeup of their engagement with the city; echoing and realizing the 
Lefebvrian conception of the ‘right to the city’, and fomenting a means for 
collective power.
129
- Harvey, David. “The right to the city.” 
The City Reader 6 (2008): 23-40.
“The right to the city is far more than the individual liberty to access 
urban resources: it is a right to change ourselves by changing the city. 
It is, moreover, a common rather than an individual right 
since this transformation inevitably depends upon the 
exercise of a collective power to reshape the processes of urbanization. 
The freedom to make and remake our cities and ourselves is, I want to 
argue, one of the most precious yet most neglected of our human rights”
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Coupling Design to Finance6.1
I distinctly remember a moment during my undergraduate studies when a question 
arose regarding the mechanisms for how cities actually work. As an architecture 
student, and then architect, I have developed a keen understanding for how buildings 
themselves work; we are trained in numerous approaches for describing the ways in 
which structure, material, circulation, culture, technology, sociology or design come 
together to form a building. However, when it came to describing the actions, forces, 
actors, and conditions that effect the behavior of cities and their development, I have felt 
that our current theoretical and empirical frameworks are either metaphoric, anecdotal, 
or unidimensional. 
This almost sprawling array of explorations — from theory on infrastructure, to digital 
computation, urban economics, financial abstraction, systems modelling, formal 
parameterization, and meteorological symbols — presents an attempt to uncover a wider 
basis for the formulation of a ‘loosely-linked’ modelling of the dynamics of a city, for the 
scale of urban design and development. 
Part of the reason I believe the design fields have been encountering perceptions of 
anxiety or crisis over their role and reception in society is a hesitation to ingest radically 
differing concepts of value that are being produced in contemporary society. Throughout 
the course of these studies, the response to examine economic or financial paradigms 
133
Chapter 6: Conclusion
for value was reluctance — an obstruction used to secure the design field as a radically 
independent ontology. Considering the inherent complexity and interdependency of 
cities, this seemed a missed opportunity; the field had already encountered associated 
systems like ecology, sociology, politics or technology with enthusiasm to the point of 
co-option. Was there a way to approach real estate finance and development economics 
similarly? What could be the ‘meteorological maps’ that reveal the underlying nature of 
financial systems, and spur designers to draw spatio-economic strategies of intervention?
The methodologies documented are deliberately designed to be a coupling of the design 
fields to new territories, thus seeding the potential for new design agency. These have 
the opportunity for both veracity and empirics, while being situated within a larger body 
of theory that is projective. Tracing one of those trajectories led me to the co-developer 
strategy and the possibility to harness new mass-diffusion technologies towards locally 
beneficial outcomes. I hope it leads you to projects and realizations even further afield.
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